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Folkestone Warren
A brief History:

• Coastal landslide between Folkestone and Abbottscliff
• 2.7km long, between 50m & 350m wide
• High Cliffs over 100m high
• Undercliff comprises entirely of landslipped material over which passes 

the railway
• Line opened in 1844
• Major landslide in 1877 & 1915



Folkestone Warren

• Mitigation measures in the early 1900’s included
- Drainage headings
- Sea defences
- Beach replenishment
- Stability enhancement – re-profiling
- Toe-weighting

• Survey and monitoring
- Offset target surveys (1950’s)
- Boreholes (1938 – 50)
- Boreholes & piezometers (1969 – 70)
- Inclinometers, cliff & geological mapping (1982 – 84)
- Electrolevels, detailed topographic survey (2001)

• 2007 – to provide comprehensive vertical & horizontal point monitoring, 
use of terrestrial laser scanning for surface comparison and design of 
delivery and analysis platform based around geotechnical areas.



Geotechnical Areas
The reporting of the Monitoring results is divided into five areas 

based on arrangement of slips and nature of movement

• Warren West End

• Warren Halt

• Horsehead Point

• Warren East End

• Old Dover Road

These areas (not including ODR) are further divided into three 
geographic areas:

• High cliffs to rail embankment area

• Rail Track area

• Coastal cliffs & sea defences



Geotechnical Reporting Areas



Survey Methodology
• Point Monitoring 

- Precise levelling linked to off-site TBM network

- GPS observations processed to OS Active Network

• Terrestrial Laser Scanning

- Eight ‘hotspot’ areas

- Vehicle & Tripod mounted static scanning

- Long range scanner



Survey Methodology
• Spherical Photography positions

- Timeline visual record of condition and change 
(Visual Site Management)

• Geotechnical instrumentation

- Inclinometer boreholes

- Piezometers

- Extensometers



Data Delivery & Management
• Data delivery

- GIS project format

- Layered PDF

- Ruggedized tablet for site analysis

• Graphical representation of Vertical and Horizontal point movements

• Laser scan surface comparison

• Spherical photography

• Additional imagery, notes, reports



Terrain & Geotechnical monitoring areas



Aerial Photography over Terrain



Geology



High Resolution LiDAR



Display of Survey Data

• Colour coded symbology

• Vertical & Horizontal point movements

• Laser Scanning ‘Hotspot’ areas

• Geotechnical areas



Display of Point Monitoring reports



Display of Laser Scanning & Spherical Photography



Display of Laser Scanning



Display of Laser Scanning & Spherical Photography



GIS Web-based 3D



Layered PDF



Conclusions
• Multi-sensor based around the complexity of the site

• Multiple users – different requirements

• Visual Site Management approach to data capture & delivery
• Site replication to minimise site visits

• Health & Safety assessment & review

• Site & Asset Management

• Condition assessment & inspection

• Emergency Response

• Image based ‘Timeline’

• Geometric data

• Drone imagery

• 360 degree video

• Virtual Reality environment
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